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© Rapid detection of nucleic add sequences In a sample by labeling the sample. 

© A methodfor detecting one or more microorganisms or polynucleotide sequences from eukaroytic sources 
in a nucleic arid-containing test sample comprising y purees 

| < a > Preparing a test sample comprising labeling the nucleic acids in the test sample 

■ ( W Preparing one or more process by immobilizing a singie-stranded nucleic acid of one or more 
known microorganisms or sequences from eukaroytic sources, 

huhrf rf .SH < S!S^ , ^ d ^i^ rid i 2ati0n condiaon8 ' «» 'abeled single-stranded nucleic acid to form 
hybridized labeled nucleic acids, and 

(d) assaying for the hybridized nucleic acids by detecting the label. The method can be used to 
detect genetic disorders, e.g., sickle-cell anemia. 



Xerox Copy Centre 



0 235 726 



RAPID DETECTION OF NUCLEIC AOD SEQUENT na ^ gj^^lflnmriSTIlE aMflQC 



35 



60 



70 



18 



BACKGROUND p£IHE 
5§ld of foe invention 

and ^rftST a ^ C l 0n , rate ^, to 8,6 detec8on "* ktontification °f microorganisms and the detection 
and^dentficaflon of particular prokaryotic or eukaryotic DNA sources In a nucleic acid containing test 

SbH further, the present Invention relates to a method for the lysis of whole cells. 

Background: Information 
& The Detection of tSsoWSSSmt 

, T^Jff^^f". * specle3 * microorganisms in a sample containing a mixture of microorganisms by 
te™oo,nzteg ti* DNA from the sample and subjecting It to hybridization with a labelteTSren of 
"^L° Sff* * om a known mfcroorganism and observing whether hybridization occurs between 
» r^rSS. ^ ^ specimen, has been disclosed te^T patent application^ 

The most efficient and sensitive method of detection of nucleic acids such as DNA after hybridization 

a The Detection of Specific Ericarvntte Seouencas 

30 r^V^? 0 " ° f _,? 8Ci,iC se ^ ltenC0 in ™ eukaryotic nudelc add sample by Immobilizing 

??J^^J^ Sa,npfe 30(1 SUbjQCfing tt to hybrfcflzatfon with a labeled oligonucleotide and obsenZ 

EP -patent application No. 88 117 978 filed December 23. 1988, now pending 

P- I^JT™ fT^!! ? 8 Sp6dflC 8ene d9tsrmines «» physical condition of a human being. 

For example^ a change in the beta-globin gane coding sequence from GAG to QTG at the sixth amlnndd 

™r frf Si f^ I ° bin "* ^ ^e a disease known as sickle cel. anemia. 

Slmnarty deletion* particular sequences from alpha-gloom or beta^lobin genes can cause thalassemias. A 

TTZZZ?' J? 9 ft" SSB3 ^ m 3^ Eracti 08 - D ^ Weatherall. The Nuffield Provindal Hospitals 
Trust (1982). chapter 2 describes the frequency and dinlcal spectrum of genetic diseases 

f^btemsassodated with genetic delects can be diagnosed by nucleic acid sequence information. The 
easiest way to detect such sequence information is to use the method of hybridization with a specific probe 
or a Known sequence. 

yf^l'f 5 ' 4 ^ 6 to msoa * * describe a method for the direct analysis of sickle cell anemia using a 
restriction endonuctease assay. 

Edward M Rubin and Yuet Wai Kan. -A Simple Sensitive Prenatal Test for Hydrops Fetalis Caused By 

SSS^Sd? 1 * 12< 1985 - pp - ^ describes * <** blot analysis to differentiate 

beftreen^tiwgeno^pes of homozygous dpha-thatessemi* and those of the haemoglobin-H disease and 

The most efficient and sensitive method of detection of nudelc adds, such as DMA. after hybridization 

nZX "ZS^^ ^ ~ ° f BM ^y — r^longTthe asSytirr^ 

requires experienced technicians. 

Recently, a nonradioactive method of labelling DNA was described by Ward et al. European Patent 
J * 63 ^- Ward et al. use the method of nick translation to introduce WotinyteST (urS 
residues Into DNA. repladng T (thymine). The blotin residue Is then assayed with antibiotin antibody or an 
avidin-containlng system. The detection in this case is quicker than autoradiography, but the nick translation 
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method requires highly skilled personnel. Moreover, biotinylation using biotinylated UTP (uridine 
r iph0Sp 2 8) ™** «* *» thymine^ontalning polynucleotides. The use of oW nucZde WphospS 

^Zvi^n 7 "L^f? d ^f ZaU ° n ° f A {adenine > 0r G or C (oytoslne) (33? 

-NHJ with biotin requires the skills of trained organic chemists. 

&£eakSi£ 

The present Invention also provides a method for the efficient lysis of whole cells such that their DNA Is 
^H^T^u^J to ,Pj 0, f hem,cal labe,in 9- While eukaryotic cells derived from multicellular 
StZ l^ relaHvety miu conditions, single cell eukaryotes and prokaryotes. especially 

SUMMARY OF THE INVENTION 

i„ « n,'l^2I2!.w ^ P™ 3801 ,nventk,n to P"^* « method for detection of microorganisms 

In a nucteic acid-containing test sample. M 

K is another object of the invention to provide a method for a simultaneous assay for the presence of 
more than one nucleic add sequence. ^ ™ 

Another object is to provide a method to Identify particular prokaryotic or eukaryotic DNA seouences 
and a method for distinguishing alleles of Individual genes. sequences 

test sa^ 0b|8Ct * *" hWefllton b to PmMe 8 S,mpte P"^*"** 1 method of labeling the unknown 
A further object of the invention is to label the probes with different kinds of labels so that when the 

nSIS* 1 *.!? im ^ bi,i28 f; Unknown ' unlabe,,ed to 8 * sample the type of label remaining 
b«^l^hyMdizaflon and washing, will determine the type of nucleic acid sequence present in the 

the tef^samST ***** * ^ '"^"^ 18 19 058 whole < * romo f mal nuctelc acid as the probe and/or as 

Also the Invention relates to the use of oligonucleotides as immobilized probes 
m J^ S lZiT Bt °5 e ** 8 ^ ad^ntoges are realized In accordance with the present Invention for a 
method of detecting nucleic acid sequences in a nucleic acid-containing test sample 
The method involves the following: 

(a) preparing a test sample comprising labeling the nucteic acids of the organisms or cells or cell 
aeons in the test sample. 

(b) preparing one or more probes by immobilizing a single-stranded DNA or an oligonucleotide of 
oneor more known microorganisms or eukaryotes. or sequences representing particular genes or their 



(^contacting, under hybridization conditions, the labeled single-stranded sample nucleic acid and 
tiw imrrwWtoed single-stranded (probe) nucleic acid or the immobilized oligonucleotide to form hybridized 
labeled nucleic adds and 

(d) assaying for the hybridized nucleic acids by detecting the label. 
In the above method, steps (a) and (b) can be reversed. 

The method further comprises denaturing the labeled nucleic acids from step (a) to form labeled 
denatured raideic adds. 

^According to the invention, a labeled nucleic add test sample Is contacted simultaneously with several 

I^T^fJ "S 88 ^ !^ rfdlzat,on - nucteic «^d test sample is labeled and hybridized with 
several unlabeled immobilized probes. The positions of the probes are fixed, and the labeled probe 
detected after hybridization win indicate that the test sample carries a nucleic acid sequence complemen- 
tary to the corresponding probe. 

r^ctefc add probes for several microbiological systems or for different alleles of one or more genes 
can be immobilized separately on a solid support, for example, nitrocellulose paper. The test sample 
nucleic adds are labeled and remain in solution. The solid material containing the Immobilized probe is 
brought in contact with the labeled test nucleic acid solution under hybridization conditions. The solid 
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notorial is washed free of unhybrfdlzed nucleic acid and the label is assayed. The presence of the label 
^n£!Lirr«!L ^Jf^ 3 ** «» test samPte contains nucleic acids substantially 
WokS^^rrS. Pr °^ originate, for example, from an infection by particular mlcro- 

5 Jf»fm9 «" * accornplished in a whole Oving cell or a cell lysate. and can be non-isotopic. The 
nucfelc acid can be used for hybridization without further purification. ^ 

nocJl 9 ^" 1 f° J*" 08 ™ 3 s P ecffic condiflons to release nucleic adds from both gram 
positive and gram negative bacteria. 

ro sam P te e cSnSg nVWfi0n C °" C8rnS 3 * <teteCH " 9 mlcr0or 9 ani5ms * eukaryotes hi a test 

(a) a supportsoBd containing single-stranded DNA of one or more known microorganisms or 
eukaryojes immobilized thereon, eg. a strip containing dots or spots of known mtaoo^££ Z 

(b) a reagent for labeling the nucleic acid of the test sample. 

75 (c) a reagent for releasing and denaturing DNA In me test sample, and 

(d) hybridlzafion reagents. 

For die^luinfoescence detection of the hybridized nucleic acid, the kit would further comprise a 
reagent for chemfluminescent detection. * 8 

In the above described kit, the reagent for labeling is given herembetow In a discussion on labels. 

20 * ,. Rea ^ 8ntS releasin 9 80,1 denaturing DNA include sodium hydroxide and tysing agents such as 
detergents and fysozymes. 

^JJSTJ^^" rBagG T h ^ udes a micturB * "*»" chloride, sodium citrate, SOS (sodium 
dodecyl sulfate), bovine serum albumin, nonfat mflk or daxtran sulfate and optionally formamide. 

as 

BRIEF DESCRIPTION OF THE FIGURES 

hemogtobte 1 m^(T tora * 09raph * °* ' mm0bni2afl0n 01 on 9°nudeotide sequence specific for 

- —Z' 9 ' 2 b a photD9raph resute * hybridization with labeled genomic DNA for nan radioactive 
detection. 
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nETAtl FTI pFgr^BiPTT/™ OF THE INVENTION 

„ J" 8 nucleic acid Is preferably labeled by -means of photochemistry, employing a photoreacfive DNA- 
txnding furocoumarin or a phenanthridine compound to link the nucleic add to a label which can be "read" 
or assayed in conventional manner, including fluorescence detection. The end product is thus a labeled 
nuctefc acid comprising (a) a nucleic acid component, <b> an intercaJator or other DNA-bmding Ogand 
photochemically linked to the nucleic acid component, and (c) a label chemically linked to (b). 

The photochemical method provides more favorable reaction conditions than the usual chemical 
coupltog method for biochemically sensitive substances. The intercalator and label can first be coupled and 
then photoreacted with the nucleic acid, or the nucleic acid can first be pnotoreacted with the intercalator 
and then coupled to the label. 

A general scheme for coupling a nucleic add, exemplified by double-stranded DNA. to apply a label, is 
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Where the hybricfizabfe portion of the nucleic acid is in a double stranded form such oortion is than 
^T^J° £" ********* **» stranded portion. AHema^^^ 

To produce specific and efficient photochemical products, it is desirable that the nucleic add 
nent and the photoreactive intercalator compound be allowed to react in E5KTU2?-El 
n JSJ^22L tD ^ Psoralen, amlnomethyl angelic* and amino alkyl ethldlum or 

nwWdium aides are particularly useful compounds. They bind to double-stranded DNA anT onTthe 
S?" *^ »<> ™» labeled double-stranded DNA musVbe denaSdt 
Slln^lf J!! f^, 8)0919 Strantted ^ «««lor» are employed so that slmutoS^ 
^ ^° 8tra " dS ofDNAwitna single photoadduct is prevented. It is necessary that thTftZera 

^Z2£ h ? SiSSST* ^ Stranded ^ <* *e nuctelc S^to so srSTS 
eutete^aJly prevent hybridization and accordingly there preferably win be not more than one site of 

™^°f° n moro m f*J 0 ' P referab 'y 100. nucleotide bases. AngeHdn derivaWam 

Slfj^t compounds for monoadduct formation. If a single-stranded DNA nucleic acid™ 
8 ° me * XJb,e ^ tranded DNA - «*° of phenanthrldium and psoralen compounds is 
fofr^J^ compounds interact specifically to doubk«tranded DNA in the dark. The £em£rj 

as JTSad ^r=^^ as? ™ • ~ «■* 

The DNA-Wnding Bgands of the present invention used to Onk the nucleic acid component to the label 
Z£ ^SSL^*^ ° f ta0 " B DNMjindir « Uganda. Partfcuteriy^^D^X 
ngands are intercalator compounds such as the furocourriarins. e.g., angePcin (isopsoralen) or osoraten or 
dertvafives fte»of which phetochemlcally will react with nucleic acids e.g., SnZSy^JSSh^ 
angeBcln. 4'^mineme%Hrioxsalen (4'aWrwmethyM^methyH^^ 3^rboxy^^w 
hydi^psoralen. as well as mono-or bis-azido aminoalkyl methidium or ethidium compounds 

Particularty useful photoreactive forms of intercalating agents are the azldointercalators. 'Their reactive 
readJ, y9 enerated * wavelength ultraviolet or visible light and the nltrenes of arylazides 
prefer Insertion reactions over their rearrangement products (see White et al. Methods in EQZvmol 46, 644 
W^ltepresentative intercalating agents include azidcacridine. emldlum^Sde.^S,'^ 

SSZm^^S {m ^f l £ f m 4265 (1982)) - 4-azido-7.chtoroquino.ine, andt 

azldofluorene A specific nucleic acid binding azido compound has been described by Forster et al Nucleic 
Acid ■ 12, (1885). 745. The structure of such compound is as follows- 
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» 3 -^0\nH- (CU 2 ) 3-M- (CH 2 ) 3 -Nfl4!- (Cli 2 ) 4 



NO, 




^ZftJZT^S intercalate* are the furocoumarins which form (2+2) cyctoadducis with 

^^if^LS^ J"* «"*»*• » bis^rforoelhylarnir^ r and epSes or 

azWJnes, e^, aflatoxins. polycystic hydrocarbon epoxides, mitomycin and norphilDn A. 

nhJSSl^T"?! 3 * * tercalator «»"P^ for use fn the present Invention Include acridine dyes, 
phenanthridines. phenazines. furocoumarins. phenothiazines and quinoCnes. 

cheink^' 3 ™™!!^ 6 '' « !*? 8< ' ? foe nucleic acid component according to foe present invention can be any 
J!? - h8Vin9 8 d8t8Ctab!e " chemical property. Le. labelinTcan^ 

corid^ by chemical reaction or physical adsorption. The label win bear a fanctiond ^chemical ami to 

S^t^S^ nnk8dt0lhe *"* ^"Tm^^berwS 

I immunoassays and In general most any label useful In such methods can be 

appned to fte Present Invention. Particularly useful are enzymatlcaiy active groups, such as^Symes^sw 
g^^m, (1976). 22, 1243). enzyme substrates (see British Pat Spec 1^^).loerSnSS J? 
Patent Nos. 4*30.797 and 4,234585) and enzyme inhibitors (see u£ps^^ lS!^^^^' 

f? Chrom ° Ph0reS ^ pScS^^Scere^aa 
bjndabte P^oin Wnding Uganda; and residues comprising radioisotopes such as U~T^ 

J* 181)818 98 detected °" basis cf their own physical propWes (e.g fUKMescem! 

chromophores and radioisotopes) or their reactive or binding properHes feT^vmS 

SET ^ 3 subs,rate for 918 enzyme- A hapten or figand (eT WofTn) 

ntS? 2! fSiSS T^*,**** by adding «" ^body or an arrtiboW pTgment to foe hajten Ta 
u^ Jala^^ ^JS? *»? • **** -oleculo^n antigen cTSo be 

used as a label. Such detectable molecule can be some molecule with .a measurable physical prooertv - 

^T^TL^J? f^f 3 ****** to 9enerate « Product with measurable physS 
property. Samples of the latter include, but are not limited to. beta-galactosidase, alkaline oho^otate^ 
{^^^^•^ifl Mfel hybridization studies. Ideally n^fiS^SS waTr insolS^S 
labels, bjq.. dyes, win be evident to one having ordinary skill in the art. « warar msoiuote. other 

fun^m^^^V to ^' mB ^ impound. e*, acridine dyes, phenanthridines. phenazines. 
furoccurn^r^ phenothiazines and quinoGnes. by direct chemical linkage such as Involving covatentfcmrls 
or bymdirect linkage such as by the incorporation of the label In amtenxapsule oTSmTwWcI foot, 
L^JJ COmP ° UniL M8th0dS by which the tebe. Is^^^l^cX^p^S 

aJS^S^' 5l ,ta *? aSor «»nP0"nd is first combined with label chemically and thereafter 

£22 "J . 8 ^ C0mpon8nL For -"P* since blotin carries a carboxyl group. ftcTS 

n^rfj^L 3 , "T" byWHy0f amid9 " ester "on *«hout IrterferinTw^ttwX^iS 
reactivity of foe furocoumarin or the biological activity of the bfofin. e*. ■wncnem.cai 
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Hiotin-N-hydroxysuccinimide 



or 



(ii) 



+ RNH. 



Biocin-p-nitrophenyl ester 



H 



H' 



(CH 2 ) 4 - C - nhr ^ 



or 



carbodUmide 
Biotin + ROH _ ^ Biotin CO OR 



By way of example. 



CH 2 NH 2 




AinL 



(CH 2 )^C00-r^ ^\ — tiii 2 
Biotin nil. ropbPny I er-ter 
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(RNH 2 ) 



H 



CH -NH-C0-(CH,) . 
2 *■ 4 



ii r * 

Other amlrtomethylangelidn. psoralen and phenanthridium derivatives can be similarly reacted 
phenanthridlum halldes and derivatives thereof such as amlnopropyl methidlum chloride. U.. 
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(see Hertzberp et at. J. Amar. Chat^, Soc. km. aia (iflftg)? 

^hiS^T ,y " a ."k^ 0 " 31 rea 9 ent «** 88 tfWobis sucdnlmidy! propionate or 1.44wtanedfol 
dlgiyddyl ether can be used directly to couple the photochernicaJfy reactive rtSea* with the TabeuSere 

^Z^^ 8 ^ n rl dU6S ; ^ — "*ard torrent p^poSr^Sd 

S^r^ mS W^onal raagente. possibly glutraldehyde may not be sukX because. 

amfn^S^ H!^" 9 fte ,abeted nuCteic 08,1 te example, an 

^h»^ibs«uted psoralen can first be photochemicaBy coupled with a nucleic add. the prod^kav^ 
pendant amino groups by which it can be coupled to the label Le faton™ ™ tZ ™* 
photoctemtoa^rea^ a DNA binding Bgand ^^^^i^^^Z^Z 

inJlL eS T bed PendI " 9 EPiMt8nt aPPOcafion No. 85 116 189.2, filed December 18. 1985. the present 
invertton also i encompasses a labeled nucleic add comprising (a) a nucleic acid component 0>>a n^efc 
add^nding OgaW I photochemical* linked to the nudeic adV iomponant. (c) aZ^d 5 I ~ 
chemically DnWng (b) and (c). V ' spacer 

' mJ£!T!!!!!!*' ** ^ l " C,UdeS 8 Chaf " * "P to >ta * 40 «^P^bly8bout2to20atDms. 
selected from the group consisting of carbon, oxygen, nitrogen and sulfur. ^ 

n«^h^JI5 ^u* 9 P°W^' ona ' a member selected from the group consisting of 

pepfide. hJfocarbon. polyalcohol. poryether. polyamlne. poiyimine and carbohydrate. Vo. 
g^other^go^ptJde. cart^yl olpepfides. and omeg«nlr«*^^ SfSSSt 
Kl?ZZ° r SP^™ radical, an alpha, omeg^alkanediamine radical such as -NH-(CH^ 

m ,„ T ^ ,e f fP 30 *! ff" *» Knked to the nucleic acid-binding Dgand and/or the label or the tinkaoes 
may ndude a divalent radical of a coupler such as dithiobis succWmidyi propionSe TIJutaS 
cfigtyddyl emer. a dfisocyanate. carbodiimide. glyoxal. glutaraldehydeTorZ ft. 
TJ»apacer can be incorporated at any stage of the process of making the probe. 

defined hereinabove. Thus, the sequence can be any of tbe folkmino: 
a+b+d+c, 
b+d+c+a. 
d+c+b+a. 
b+d+a+ceto. 

Tbe conditions for the individual steps are well known in chemistry. 
th« I^'JIL^ W ^ e, !° r examp,e - the P"*"* *» Ornately be placed on a suitable medium and 
^SL^SSL "i* d8tBmiined - ™«- K *» >* a phosphatase, the medium couTconSn 

^S^Sl^^l^!? t 0 ^!^"" morttor 1,16 amount of nBrophenol Generated by observino theo^ 
Jo^S^^T^^ m6dIUm C ° rtaln «« ro ^ I Halacto^yr a ^ which 
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faJl Sf?r , f 6af *™ P^sent Invention Is appOcabte to all conventional hybridization assay 
ST^L i!™ to my format te P 0351 ^ based on formation of a hybridization product^ 
agnate comprising the labelled nucleic acid. In particular, the unique labelled nuctefc add o?thTp^t 
nvenflon can be used In solution and soBo-phase hybridization formats. Including, into Saw £2 
involving Immobilization of either sample or probe nucleic acids and sandwich formats. 

cJ^J^J^^ ** 81 16351 000 slngle^tmnded base sequence substantially 

complementary to or homologous with the sequence to be detected. However. sucTbaae sequence need 

segments intended by nonhomologous sequences. These nonhomologous sequences can be linear Z 
^^ a lTl" C ^ P if me ? ary andfonnhair P ,n ^ «n addition, the homologous region oftheTori 
can be flanked at the 3- -and 5> termini by nonhomologous sequences, such as^clmprismo fte SS 
ZJ^t Th* to J^** 8 homo, °9 ous W" ^ been Inserted for p£SS? ? JEJ 
Instance the probe as presented as an analytical reagent will exhibit detectable hybrSon atoned 

n^JL^ZS 5^ With , maj0r or m,nor P°rt"«» being duplexed with a complementary poly- 

t a J3 0 !J ,, 2t,™ P Sf 01 *" J p,esent invention can be used h any conventional hybridization 
£22?E £ n^T^ 8 " mad9 ** conC8 P tuan y ™ are developed, such Jto m£ 

wSmfl^ ^^f 0 ^ 0 " 81 "Vb^ 0 " formats which are partaEriy useful Included 
ZSEZZSZ""*!! 2*^ ^ p0 ' ynudeotide ^ Is immobinzed on a sofid support (solidtphase 
hyWdizaton) and those wherein the polynucleotide species are ail In solution (solution hyWdlzation) 

tn solid-phase hybridization formats, one of the polynucleotide species parficloanna in hvhrwi^n i« 
fo«d in an appropriate manner in its sing^tranded fomVto a soOd^^^s^ tpSS^iu 
taownin the art and Include those which bind nucleic acids either covaientfy or Z^S^Z^Z 
32?, ~* ™ gen ^ understood Involve hydrophobic bonding Include naturally occunfoTa^d 
synthetic polymeric materials, such as nitrocellulose. derivatJzed nylon and fluorinated IpoMydmrtS^ 

ttis^zTxsr it *r ^^^^^^ 

oeadsj or solid sheets, just to mention a few) are also useful and comprise materials having chemically 

SS^EErT T^*^? dlazobenzyloxymeSXand the like w^ich can ^ 

activated for binding to polynucleotides. 

for iS,!? ^"TJ!^ , noncova,ent immobili2ation °f an oligonucleotide is ineffective on a solid support. 
, "^j - nrtreceaufose paper. The present Invention also describes novel methods of oflgoniSfe 

^l^^L Ph ° S ^ ,a60n ° f 80 On 9 0nUC,eotWa by a pofynucteofide 
K^l* 8 r?!^^ ^"d^e to produce multWigonucleotlde molecules capable 
Immobilization. The conditions for kinase and ligation reaction have bean described In standard torfbooks 

Zoning, T. Mania*, EF. Fritsch and J. Sambrook. Cold Spring Harbor UboratoTS 

A typical MOd-phase hybridization technique begins with immobilization of sample nucleic acids onto 

iTi r 9 '^ T ™ 3 mai ** BsM ^ ^nts reanneaflng of co^ptemenferj 
strands from the sample and can be used as a means for concentrating sample material on the support^ 
enhanced ^detectablffty. The polynudeotide probe Is then contacted with the support ™ d hyZSS 
detected by measurement of the label as described herein. The solid support provideVa cWnSrt me*S 
labeiied probe which has hybridized to the sequence to3etS f m rn SStthJZ! 

«^SCT^nr*?Jl! n ! ereSt 1 fe * 9 sandwlch bybridifflBon technique wherein one of two mutually 
S™^ , th f„i omo,0 9° us of the probe is Immobilized and the other is labelled. The 

presence of foe polynucleotide sequence of interest results tn dual hybridization to the immobilized and 
fort^deSte Se9mente ' Mafias iQ frffYmojogy . 65:468 (1980) and ggrje, 21:77-85 (1983) for 

*rJ?Jl!!!f^ i nVen ^ ^ ,mmobne Phase of the hybridization system can be a series or matrix of 
spots of known kinds and/or dilutions of denatured DMA. This Is most simply prepared by plpettlna 
ap^atesmaJI volumes of native DMA onto a dry nitrocellulose or nylon sheet, floating the sr»etona 
sodium hydroxide solution to denature the DNA. rinsing the sheet In a neutralizing solution then bakino the 
*■ ^Before DNADNA hybridization, the sheet is usually t^JZZ^E^ 
non-specific binding of added DNA during hybridization. ,, Utttt,nn, °" s 
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«yi I^^r^,^ ^^5? * ***** 98n0mic DNA - *** Present In cells, whole 

cell fysate. or unlysed whole cells. Once the labeled material Is prepared. It can be usedTfor the deS™ 
presence or absence of certain specific genomic sequences by specie nJS^XS^ 

One method according to the invention Involves the separation of cells from a human samnta or 

^SS 1 ? 8 * Pendfn9 00 1,19 tf^^P* » the sample Is^ S 

iStS^i B ""^J* l**** betWee " a secon * to Ave minutes and when whoKtooJ 
partially lysed cells are used, incubation between two minutes to two hours is employed After the mfarfno 

^^^^^^J^SL 0 ^ Wndln9 "9»d and the test sample. Then this labeled mZS 
hybridized under specific hybridization conditions wilfi a specific probe. 

After toe hybridization, the unreacted unhybridizBd labeled test sample is removed by washina After 

E£ r^ffL^ L S8qUen ^!! *° Wh ° te ^ ° enom,c ^P' 9 ,s 000 h a Son. TOs^Son 
has been derived by assuming from the literature that a human genomic sample has 3 « 10« base oaftsmd 

ZcT^^l*^™ ? ** nUmb8r - >" a sampte of human D^cSSnft^ 

approdmately five to ten micrograms of nucleic acids, only 5 to 10 pfcogram of the corresoondina 
S^lfvaJW* and labeling the vast majority of the non^pecScoST shouU p^uTnS 

ontnl^ t T But aft9r ^ reacton ' tt te aurprt^Tcbserve that the ZTanHS 
only speeffic, but also of unexpected higher sensitivity. 001 

^nSTLrJ'S 9 -, 10 <*> j™** any P^cular theory of operabffity. the reason for the unexpected 
22^1^1 S? f T a&m * a n9tWOrk 01 norwpecific nudelc add hybrids bo^Stoe 

S^Jl ^T^" 9 of ^ ^ been sftown in a typical example, a 18 

^! J?" 9 Spedfi ° SequenC8 coraa Wng plasmld Is immobilized and hyorkSzedwim 5 mtooaram 
l a ( r T r Pte Jr WCh J S teb8ted P* 0 *^^ and one detects SyaJX to 
fit>m^hybrid. This could not have been accomplished by any other technique because of trTDrobterns 
associated with toe labeling method. 4 uewwse OT me prooiems 

m J^ff^f^ 0 " Elates to a novel hybridizatfon technique where probes are immobilized and an 

SESSE^EiT^ t' ab ! ,ed hybridl2ed " lh unlabeled probe. A surprislS 

te^ST iT" 0 " iSlheab,ri{yto detect ^Pte or multiple copy gene defects by laSSglS 
test«Bnple. Since there Is no requirement tor an excess of labeled hybridizing sequence to wesent 

SKi^TS?* !LSf ***** ,nVenfi ° n - ^""aneous detectioX diTST^SE 
easily carried out by immobilizing speeffic probes. 

oene^ d^^lSi!!? JTT ,nven,ion ' 000 030 lmmoWGz9 oligonucleotide probes specific for 
~ ,tS^r^ t ?" anem ' a ^ Probes for alpha^halassernias on a sheetcT nZuiose 
paper label the test sample and hybridize the labeled test sample with the Immobilized protS JUS 
surorfsing that partially purified or unpurified nucleic add samples (cell iysate or whote ceTO«n be 
r^crtochemlcafty labeled wfth sensfflve molecutes without affecting toe srLfic^^iZ ° 

, P resent «nventlon is also directed to detecting eukaroytes (profists) In samples from hioher 
organisms, such as animals or humans. ' sampras irom ntgner 

Eukaroytes include algae, protozoa, fungi and slime molds. 

r m 1 ? f 6 ? fl8neraf to chlorophyB^ontaining profiste. descriptions of which are found In 

aM Smith. <^yptoqarn(c Botany 2nd ed. Vol. 1, Algae a^Q^ , McGraw-Hill. (1955). 
h^J^Z??,, S8q"«^es according to the present Invention Includes ail disease sequences except for 
SEE,? AcCOfdlnfl,y " 9enotic diseasos - ^ example, would also be embraced by the present 

invantion. Non-fimlfing examples of such genetic diseases are as follows: 
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Area affected 
Metabolism 



Diseases 



Acute intermittent porphyria 

Variegate porphyria 

alphaj-antitrypsin deficiency 

Cystic fibrosis 

Phenylketonuria 

Tay-Sachs disease 

Mucopolysaccharidosis I 

Mucopolysaccharidosis II 

Galactosaemia 

Homocy s t inur i a 

Cystinuria 

Metachromic leucodystrophy 



Nervous System 



Huntington's chorea 
Neurofibromatosis 
Myotonic dystrophy 
Tuberous sclerosis 



Neurogenic muscular atrophies 



Blood 



Sickle-cell anaemia 
Beta-thalassaemia 
Congenital spherocytosis 
Haemophilia A 



Bowel 



Polyposis coli 



Kidney 



Polycystic disease 
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Eyes 



Dominant blindness 
"Retinoblastoma 



TO 



Ears 



Circulation 



Dominant early childhood deafness 
Dominant otosclerosis 

Monogenic hypercholesterolemia 



15 



Blood 



Teeth 



Congenital spherocytosis 

Dentinogenisis imperfecta 
Amelogenisis imperfecta 



Skeleton 



35 



Skin 



Locomotor 



Diaphysial aclasia 
Thanatophoric dwarfism 
Osteogenes imperfecta 
Marfan syndrome 
Achondroplas ia 
Ehlers-Danlos syndrome 
Osteopetrosis tarda 
Cleft lip/palate 
Ichthyosis 



Muscular dystrophy 

sequin a^L^lTT^^ ^ * a which can determine the 

SS^L f^Jf 5! probes »" °NA. "NA. mixed copolymers of ribo-and deox- 

' ^SSStL^ on *™ M *" rfbonudeotides or deoxynDonudeotide residues or 21 

modified forms. The sequence of such a probe should be complementary to the test sequence ^re eZI 
of^mplementary properties will determine the stability of the doubleSx fom^^^^Te 
SS^^ COVd ^ Bnked "oivcomplementary nucleic acids. They can 2 me^Tof^ 

The nucleic add Is preferably labeled by means of photochemistry, employing a photoreactive DNA- 

^^^1°" «™*»"« * link the nucleic acid to aZel ich 

or assayed in conventional manner, including fluorescence detection 

xnnS^nTf ^1 l "^ 0n 13 ktentiflcation <* ^rtal species In biological fluids. In one 

^ ^ 5H ***** havfnfl ° r suspected 01 «■** urinary ^ct infection^ 2 
^ K?n T 348 " 31 P"****" <* DNA(s) or RNAs, whfle a sofid support strip, ZTwb* 

or nylon, can contain Individual dots or spots ,of known amountsTS^S £^om 
from each of the several bacteria likely to be responsible for Infection. "namrea puntfea una 
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The format of labeled unknown and unlabeled probes, which Is the converse of standard schemes 
attows one to Identify among a number of possibilities the species of organism In a sample with only a 
stogie , tabenng. ft also allows simultaneous determination of the presence of more than one distinguishable 
^vSl?T e8 a »f nP !J a f Jni ! n9 "° DNA In a mixture is discriminated against in the labeling 
procedure). However, it does not allow in a simple way. better than an estimate of the amount of DNA (and 
therefore, the concentration of bacteria) in a mixed sample. For such quantitation, sample DNA is 
immobilized in a series of dilution spots along with spots of standard DNA. and probe DNAs iare labeled 
* "ffy lraot i ? f0Ction J* alnlost a^ys due to monoclonal growth of one of the following half dozen 

S£ ,?.^f?r : Escherichla / M (60 ^ 0% <* ^ EffiSaa w. (5-20% of urn. m&m s PP o- 

Z ^S" e ^! d8 ,f 98tt,flf 8CC0Unt for a ^ P 8 ^ 6 of UTI. A commofc^STS 
unne samples that ts a marker of improper sample collection Is Lactobacillus. 

The concentration of bacteria in a urine sample that defines an infection is about 10" per milliliter 
The format for an unlabeled probe hybridization system applicable to urinary tract Infections is to have 
,S ^,l DNA f I ? Dm *e above Bst of species, denatured and immoSd^ aTpZ ^ 
nitrocenutose. and in a range of amounts appropriate for concentrations of bacterial DNAs that can be 
expected In samples of labelled unknown. max can do 

Standard hybridization wfth biotinylated whole genome DNA probes takes place in 5-10 ml. at a crone 
^7^11^ °- 1 «** of probe to a spot^ontelning about 10 ng den2^ w?S 

S^SEfJS" is 8001x1 5 fg of DNA per bacterial cell, so that for a sam Pteto ™TlTS 
^llTt, I" "^7^ 0011601 2 * 10 ' bactsria - lf ^ produces urine having approximately 

1?^^^^ DNA to be labeled from a sample is concentrated from 2000 mL If more ttS 
2 "J?*** T b lmm0biI ' 2ed h a ** " ""^ 100 ng or 1 ug. or ff the hybrSzaS 

configSwT *** COnteinfn9 lmmoWRzed " <tenatured, unlabefled probe DNAs could have the following 

1 jig 10 ng 100 pg 

Escherichia * o o o 

Proteus o o o 

Klebsiella o o o 

Staphylococcus o o o 

Streptococcus o o o 

Pseudoraonas o o o 



so 
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Lactobacillus o o 



o 



i ™* pro< f durB of DNA or RNA In a crude cell lysate. Ideally, preparation of 

labeled sample DNA or RNA win accommodate the following points: F ^ 

(1) bacteria win be concentrated from a fluid sample by centrifugatlon or filtration- 

(2) bacteria win be lysed under conditions sufficient to release nucleic acids from the most refractory 
or the organisms of interest; 

(3) the labeling protocol will not require purification of labeled nucleic acids from unincorporated 
precursors, nor the purification of nucleic acids prior to labeflng; 

(4) the labeling protocol will be sufficiently specific for DNA and/or RNA that proteins, lipid- and 
polysaccharides In the preparation will not Interfere with hybridization nor read-out 

In the present Invention, there is provided a method for efficiently and rapidly lyslng whole cells 
indudrng Gram positive bacteria. The method involves contacting certs. e.g., whole cells, with an alkali e a 
sodium or potassium hydroxide solution In a concentration of 0.1 to 1 .6 Normal 

™* '^f* f S" res * P raserrt are its relative simplicity and speed. It employs a 

COTunon chemical that requires no special storage conditions and it fyses even Gram positive organisms 

2?o5XLf PfeSerVfn ° *™ pr0pertiQS ^ ^e DNA that are important for subsequent steps in 

the photochemical labeling process. 
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For the present Invention, the immobile phase of the hybridization system can be a series or n^-f 
spots of known kinds and/or dilutions of denatured DrTlhls is tS^JESTZ 2SZ 

7£ mkmeS « n8fiVB DNA ° r onto a dry SSfiSTo? nytoS S 

floating the sheet on a sodium hydroxide solution to denature the DMA. rinsino the sheet to a 
sototlon. then baking the sheet to fix the DNA. Before DNA:DNA hybria^?tn7sneet h ^usuaTh^nS 
with a solution that inhibits non specific binding of added DNA dun^hvbSoV * 

welg^un^ou^'a^'^ ,n *" — w^in parte are by 



Sample 1: Prenarafinn, of Labelling Comp nyorf 

15 -hJS prepa ^f n * *" labe,5n 9 compound required 1-amino-17-N-{Blo8nylamidoW3 I 9,i2 15 oentaoxw 
aheptadecane. This compound was prepared in the following four steps? i™™ 0 ^**-™^ Pentaox- 

(a) 3A9.12.15 pentaoxapheptadecane 1.17-dlol ditosyiate was synthesized. 

(b) 1.17-dipthanmldo derivative of 3Afl.12.15 pentaoxaheptadecane was prepared. 

(c) 1,17-dfamlno derivative of 3A9.12.1S pentaoxaheptadecane was prepared. 

20 (d) 1-amino. 17-biotinytamido derivative of 3A8.12.15 pentaoxaheptadecane was prepared. 

BfflDBfe 1M: EraaraBoh of 3£SA2A&4> an ^^rrf ^ acaa ^ A 7^ nt n^,^ 

88 mJr°,? Sw ""^"9 50 9 of hexaethyfene gfycoj (0,177 mol) and 64 ml of triethytemine - 

£? 9 'J^ moJ > m 400 of CtW, at 0-C was added dropwise a sotution contatoirxj n- 
toluenesuffonyl chloride (0.389 mol) In 400 ml of CHJO. over a ^Thour period. I 

SeJ an. to^TiT * ^ ^ ^ ^ * ambient temperature fS^^^S^tS Z 
fitered and the ffltrate was concentrated la vacuo. The resulting heterogeneous residue wasTS^JH 

J"^ Sf 250m> P Ortton8 * ^ hm to re ™*> unreacted tHoluenesulfonyl chlorto? 
Tto^resulHng oil was then concentrated under high vacuum to yield 108.12 g of a yeltow dl (quantitaftre 

Analysis: Calculated for C*H*0, A 
35 Caicu C, 52iJ7; H, 6.48. 
found: C. 52£6; H. 6.39. 

PMffc (60 MHz. CDCW * : 2.45 (s.6H); 3*3.8 (m. 20H): 4.2 (m. 4H); 7.8 (AB quartet. J = 8Hz. 8H>. 
IFt (neat) cm-: 2870. 1610. 1360. 1185. 1105. 1020. 930. 830. 785. 670. 

Senate ma: agpamfon of ijTjgBttbaBBaBaa fi ajgjs^gteahsaaggafle 

^W-on containing 108 g of S^AI^ISiJentaoxalwptadecane-l.^^lol ditosyiate (0.183 
«s mVt /hnfr^f ^ Sf^S ^ m ° 0, 700 ml <* cfimethyiacatamide was 3?at 180- 
!!? ^ ^ 1,1811 00018(1 *° ^ te^Porature. The precipitate was filtered and washed 2 

^^ c *»tone to yield 53DS g of product as a white powder wr^ was dried at 55^^,.^ 

„ i* e ? nd ^ °!P roductwas obtained ^ me ormethylacetamlde filtrate by evaporation to vacuo and 
„ *° ^ Predptete ^ ^ successively washed ethyl acetate, water. and^tonTTte^fZ 
so white powder was dried at 55°C (0.1 mm) to yield an additional 97 g of product rnTS 5-l2^T^ 
combined yield of product was 62^2 g (68% yield). 9 ^ C ' ^ 

Analysis: (For first crop) 
Calculated for CJHJHJXV&M 
, Calo: C, 61.19; H, 6.05; N. 5j09. 
ss found: C, 61.08; H. 6.15; N, 5.05. 
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(For second crop) 
Calculated for CoHbNA 
Calc.: C. 6221; H, 5.97; N, 5.1a 
found: C. 61.78: H, 6.15; N, 5.13. 

PMR: (60 MHz, dms«H« « : 35 (s. 8H); 35 (s, 8H); 3-8 (bt, J=3Hz, 8H): 8.1 (s, 8H) 
IFt (KBr) cm": 2890. 1785, 1730, 1400. 1100. 735. 

6aaB!l Reparation of i.i743hmln»aJUM9 i^r^oxarmrt^n,, 

A solution oNnfalning 60 g of 1.17^iprithallmldo-3.e5^ (0.^8 ^ 14J} rf 

hydrazine .hydrate (0.296 mol). and 500 ml of ethanoJ were heated with mechanical stirring in a 100«C oil 

^^^^J? 8 "iT T^™ C ° Ck * S and fitt0red - 71,9 TQsmnt mr ™* w ^had four 
times with 300 ml portions of ethanol. The combined filtrates were concentrated to yield 32.35 g of a yellow 

^^^^^Trf^ * 15 °- 200 ° C (001 ™> 8«e 2252 g of a light yeUow oil - 
(69% yield), lit b.p. 175-177°C (Oj07 mm). 

PMR: (60 MHz, CDCfc) a : 1.77 (s. 4H, NHJ; 2.85 (t J=5Hz, 4H); 353 (t, J=5Hz, 4H); 3.67 (m 18H) 

R: (CHCU cm-': 3640. 3360. 2660. 1640. 1585. 1460. 1350. 1250, 1100, 945. V20JB70 

Mass Spectrum: (El) m/e = 281.2 (0.1%, M+1). 
20 (FAB) m/e a 2812 (100%. M + 1). 

Analysis: For CoHaNA.1/2 H^D 
Calcj C. 4950, H. 10.10; N, 958. 
found: C. 50.38. H, 9.58; N, 958. 

literature Reference: W. Kern. S. fwabachl. H. Sato and V. Bohmer. Makrol. Cham m 2539 (1979) 
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je m- £t9£aratjsa of l-Amino-17-N-fBiotinvlamidoVa fi ii> |t 

A solution containing 72 g of 1.17^amin<^,6^12,15^rrtaoxaheptadecane (25 mmol) in 75 ml of 
DMF under an argon atmosphere was treated with 3.41 g of N-sucdnimldyl blotin (10 mmol) added In 
71,0 resulfln9 so,ution ^ samd ^ four hours at ambient temperature. TLC (SiO, 
70:10.1 CHCWHOH^onc. NH, OH) vteuaOzed by dirr^thylaminodnnamaldehvde spr^ reagerrt^owed 
excellent conversion to a new product (Rf=0.18). The reaction mixture was divided in half and each half 
onto SiO, and flasrrchromatographed on 500 g of SiOr60 (230-400 mesh) using a 70101 
^ C T^^ C °^- NaoH soJvent mbcture - Fractions containing the product were polled and concentrated 
fl J^ 1^ 0 * 3 safatinous ' ««y ««• P"*"* was precipitated as a solid from isopropanol-ether. 
washed with hexane, and dried at 55"C (0.1 mm) to give 1.761 g of a white powder (35% vleld) 
Analysis: Calculated for CnH«tN«0»S5/2 HjO: " 
C. 4951; H. 850; N. 10.49. 
40 found: C. 4959; H. 8.13; N, 10.39. 

PMR: (90 MHz, dmso^) J : 1.1-1.7 (m. 6H); 2.05 (t, J=7Hz, 2H); 
262 (t, J=4Hz. 1H); 274 (t, J«4Hz. 1H); 35-3.4 (m. 14H). 
3.50 (s, 14H); 4.14 (m. 1H); 4.30 (m. 1H); 655 (d. J=4Hz, 1H); 750 (m, 1H). 

(225 MHZ - dmS(HW 5 : ^ 28 2 ' 35.1. 40.6. 55.3. 592. 61.1. 695. 695. 71 A 162.7, 

IR: (KBr) cm- , :2900. 2850. 1690. 1640. 1580. 1540. 1450. 1100. 
Mass Spectrum (FAB) m/e: 5075 (M+1. 56%) 

so jxapjBte. 2: Reparation of 4'-Blotinvt-PEfi-4. g-riim ^yfanraBninr 

, ^^° n * 203 m 9 <* 1 ^t«^l7-^otiriylamido)^5.9.12,15-pentaoxate (0.4 mmol) in 1 

ml of DMF under an argon atmosphere was treated with 78 mg of N.N-carbonyldimidazole (0.48 mmol). The 
resulting mixture was stirred for four hours and was then treated with 55 mg of 4'-amlnometriyl-4.5'dimeth- 
65 yfingelicln hydrochloride (0.2 mmol), 140 ul of diisopropylethyiamlne. and 100 ul of DMF. The reajlting 
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mbC !TJ? aS Sfirred OV9m,9ht * 50 ° C - The mbdura was then evaporated onto SiO, In vacuo and «~ 
resultant impregnated solid flash was chromatographed on 60 g rtSSffi3O-W0 mesS 
^7? f ™ CHrCHO, fbOowod by 1 Oter of 10% OWH^ SonTcoSlZl T^T^ 
pooled and concentrated to yield 72 mg of a glassy solid (47% yield). <^™ng tr» product were 

PMft (90 MHz. dmso-d«): s 1.1-13 (m. 6H);2XW (bt. J=7Hz. 2H): 25 is em- 2« im ihv ota ^ 

fiBmBte 3: Cotorfm.Btrfc sr. Cnernnumhascent riff^^ n of the Nucleic Add Hybrid^ 



Ccfonmetrtc detection of the Wotinylated hybrids is carried out following the Drocedure and kit 

JTeSS^n^Sr? Lab0raWeS ««* Qaifl ^. Marvfar^^ine^e^ 

-n^-f^i detaffl in a manual supplied with a Ht by BRL. entitled -Products for Nucleic AddDe^w 
-DMA Detection System Instruction Manual", Catalogue No. 8239SA. ' 

fa ample 3(b): CtiemiluminescBnt , Defection 

Owmnuminescent detection of the Wotinylated hybrids is identical to the above method: ths filter* -m, 
Sf "?!? < ^ nated BSA (bovine serum albumin) by immersing Z pap£ in^^ at ^C ^ 
S^"^^ 835 ^ 15 ^ taking the paper out of nTcoiLner^ STbe^L t£ 

pieces of fflter paper. The paper Is then incubated In a solution containing Stn^otafflS m^SH^ 

m L222S-£L! f^L ^ M9Ci * °- 05% "^n™ X - 100 "- Next the filter is Incubated 
Wotinylated horseradish peroxidase (0.10 mg/ml) for 15 minutes at room temoeraturT^te k^lTT 

fJ^ mM " 3 (pH ^ buffer - Cnemiiuminescent activation is conducted in two wavs li\ Soofe 
S„Sr^° Ut ^ d -2. diSCS C0nt8,rtn9 *• DNA are placed In a rrSotiterX^^ tK 
S^l^f ^ ^ ^ ^ ^ Punched paper circles are placed in the microuter pto^ ^3 
butter containing 40 mM Trls and 40 mM ammonium acetate (pHsTte adaeTto^weTTSrio^ 

I £5^£EE£ *2F Ti 30 ^™*^^ Padded. UgW^' J^eo'^ 
a POLAROID instant film by exposing it directly In me film holder. Alternatively (2) the oaner hZriZrh, 

WRAP . The nght emission is recorded on a * POLAROID* film as above. 
fiaaiBla A: General Method gj Labeling the Test Samnta N„rt«fr A-ifr 

^^™'!!?^ CUlar WeJght DNA ** n a P aaent ' s sanp«e Is Isolated by a method described in U.S.P 
E22J???n" M 7 '^ e t!^ mtentS ° fWhiChare inca n-rated by reference herTrta^S 
SjSTLS 1° mM . ^ 5? <P" 8 °) to 8 concentration of approximately 20 ug/mL To to 
nuclec aad solution 'angeflcin-peg-biotin- in aqueous solution is added to a final Leltadw 
ugAnL The mixtor, is then irradiated at long wavelength irradiation for about 60 mStat^ ra! 
"Lf?^',,™ 8 P^te «** ^ hybridization without purification. HovJer^^act Ste 
^^/1^ S °: aCOtK * Predpfteflon < U - SP - ^.486) as Is usually followed for nuctafcSS. 

instead of nucleic acids, whole cell lysate can also be labeled following an idenfical procedure The 
^c^d by boiling the ce«s with 0.1 N sodium hydroxide. ZJfgZSSZ^ 
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When whole cells are used, the mixture of "PEG-ang-bio" and ceOs are incubated for at least 60 
minutes prior to irradiation for efficient transport of the ligands. Many different variations of the above 
described methods can be adopted for labeling. 



Example 5: 



Alpha-thalassemia is associated with gene deletion. The detection of gene deletion by hybridization in a 
dotfslot blot format requires that the total amount of sample and its hybrkfizability are accurately known 
Since the beta-globin gene is a single copy gene, simultaneous hybridization of a sample with beta-globin 
and aipha-globln and their relative amounts will Indicate the amount of alpha-gtobln with the sample 

The format and hybridization conditions are the same as Rubin and Kan, syga, except probes, not test 
DNA. is immobilized. Hybridization conditions are also similar. The detection Is done by using the BRL kit 
described supra following BRL's specifications. 

The hybridization detection process are conducted in three steps as follows: 

Step 1: Immobilization of the Probes 

As described In Rubin and Kan. supra. 1.5 kb Psti fragment containing alpha, globin gene Is used as a 
probe for alpha-thalassemia and for the beta-globin gene a 737 base pair probe produced by the digestion 
of pBR beta Pst (4.4 kb) is used. The beta-globin gene probe has been described in U.8.P. 4,385488 
(column 4). For the detection of gene deletion related to alpha-thalassemia. the amount of starting nucleic 
acid, hybridization efficiency and control samples are needed. The present invention avoids these problems 
by simultaneous hybridization with a single copy essential gene (e.g.. beta-globin gene) when similar 
amounts of probes are immobilized side by side, labeled sample is hybridized, relative strength of signal 
intensity Is a measure of relative amount of gena dosage present in the sample. 

The probes (05. 1, 3 and S ug per 100 ul) are suspended in 10 mM tris HQ (pH 7) buffer, denatured 
with 20 ul 3 y sodium hydroxide, at 100"C, for 5 minutes, an equivalent volume of 2 M~ ammonium 
acetate. pH 5.0 Is added to neutralize the solution, immediately after neutralization the probes' for beta-end 
aipha-globln genes are applied in parallel rows to nitrocellulose filter paper under vacuum In a siot blot 
manifold, purchased from Sctelcher and Schuell. (Keen!, New Hampshire, U.SA). The filter is then dried in 
vacuum at 80°C for 60 minutes. It is then prehybridlzed for 4 hours In a mixture containing 50 mM sodium 
phosphate (pH 7) 45 mM sodium citrate, 450 mM sodium chloride. 50% (v/V) formamide. 0*2% each (w/V) 
of polyvinyl pyrrolidine. "F1COLL 400" and bovine serum albumin and 0.2 mg/ml alkali boiled salmon soerm 
DNA and OAS mg/ml yeast RNA. 

Step 2z Labeling of the Test Sample 
This was described above. 



Step 3: Hybridization 

The nitrocellulose strip containing the immobilized probes are hybridized with the labeled test sample in 
plastic bags (e.g.. "SEAL-A-MEAL", "SEAL and SAVE", etc). Hybridization solution is the same as 
prehybridization solution plus 10% dextran sulphate. Hybridization Is done at 42"C for 18 hours. After 
hybridization detection of biotin is conducted with a kit and procedure supplied by Bethesda Research 
Laboratory. Mary land,. U.S A, (catalogue No. 8239SA). Results of relative Intensity of alpha-and beta-regions 
are used to estimate the extent of deletion of aipha-globln genes: 

No signal on the aipha-globln side: all 4 aipha-globln genes missing. 

Signal on the aipha-globln side is half as strong as on the corresponding beta-side: 3 alpha-alobln 
genes missing. v 
Signals on alpha and beta side equivalent 2 alpha-gtobln genes missing. 
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genfSng" ^ ^ te «^ *an the corresponding beta side (2 alpha = 3 beta): 1 aipha^obin 
BSSlBkg: iOBmSteSai of an Oteonurf^ pr^. w HemoahHn fcfefefign 

info a ^ sssx^oT ^ to mcorporate 80 

B ftrtPPd 1 : Two oligonucleotides, one a 43mer and Jha mh«- • 10 . 

synthesized hi an automated syn^ze^wI^L^L^ L^STk JfTL*^ bean cnemlca "y 
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^st^ts smitse? » a , , 6 ™"r' w — — - — — 

0-0 to J Ugatol ^Sn^TC^^jr^ 10 S*° ."" ^ *•* » 
15°C for 4 hours. 1 mo & un -» nurifilrfrtlr rascoon volume wfth 600 units of Bgsse (Pharmacia) at 

and the samples were heated to 55"C and cooled iXT*^.? ? , 9 Wnased 43mer ^ added 
mM borete b^r pH 62 wfth a long waTl^Sp nSjJKSt* f g£ °" ^ 500 " ^ 10 

""^w^ s.d ny,on paper 

hybridization fidelity remains ftitact^ ** *° sequence are "mmobilteaWe and 

SHanTo^*^ 

' 10 R iS^ ST"* WaSh9df ° r15minUteSatro0m OXSSC wfth sHoht action and 2 

Air-dried filters were place on Whatman paper and autoradiography at -70'C 
The results presented in Rg. i surorisinalv Indicate sr^aSh^Jl overnight 

oBgonucteofide probes. ^nangiy indicate specific hybridization are obtained by immobilizing 

Example Z : Hx&lgjzatjorj wijh Jgtjefed genomic QNA for fjgri ftadjpacjyg rjejectjgn 

^pTaTr^ (BPA, in 10 mM b«*e 

UVL-21, X = 366 nm No purification to heosss^ * ^ °" iM w * a <°"9 ™e UV lamp mode. 

**ow^ 

different Immobilized probes are asZZs" " ** 30 minute8 - 77,8 a™""* of the 



43-mer (a) - Kinased (method 1) 
43-mer (A) 

43-mer (s) - Kinased (method 1) 

43-mer (S) 

Ml 3 19 Ass 

M1319Sss 

M13737ASS 

BRL Commercially biotinylated DNA 
PUC19 



43-merA: 

5' CTGCT4MTCTTM6GAT1AAT4CTCCTGAQQAGAAQTCT QCT^ATCTTAA5,eQAT^AT 4 CT 3< 
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•=Tfor 43-mer§ 
16-mer (Common to both A and S) 
y -TTAGAATTnnTAA^TT^ 

, . ^" * strips were hybridized in 2 mis solution containing 2 iio labeled XX DMA nftntaimw. , L 

A stringency wash was carried out as follows: w ™- 

1 " 20* at room temperature in 6XSSC 

2 ' 20- at temperatures indicated in Rg. 2 with very DtBe agttaflon. 

^^^^ 

Esampje a- Immobilization of Whole gggnjc hna a, 

han^^rtr^^^ bacterial cells 

^e £^£Lm^? !ST ^ ^ Charactef ^ *> P^ty concentrationTd moSuW 

see men approximately 1 microgram aliquots were denatured and immobilized as nnh «n nw^Tn^Z 
or nylon membranes for hybridization (Kafetos et aL. Nudete Adds ^T^?^™^^® 8 
was accomplished by exposure if the ofittfJSMSS^ M lSS22STt 
sofoton was neutralized, then me membrane was rinsed ^^^ ^^^^^ 

Baaefe £ PrBgassjnfl of a Test Samnfe for Cellular DMA , jjjbeBng 

oc^olTeai^^^^ 8 ^" Mowin9 apply to suspensions of material form 

O- 5 M K acetate on ice. Angeficin should be able to permeate Intact «^ fc^ST .J? ^ 
acc^^before ceO .ysis. This fc * fobeHng STeSSfon P^l.^ 5 

detergent lysates can be incorporated directly into a hybridization soiuUoT^ ' 83 aDtal,ne W 

BSQipJe JO? LabeOng ofihe Producteglgsmpjea 
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(10 rngfrni), was added end mixed by shafdno on a vorte* mivar th* ~ua. 

"N- ***** the pnxeduredescrfbad b^^alT^^rX ' ^ 

Oil) Whan unlysedcens were used, the coll suspension in U?iH5!r _ 
the photoreagent for 1 hour prior to irradiation. m 10 mM borate was incubated 

BgfllBle j±: fc^rldizatjon of ifta EEducts of Bnmnta* ft fl nH jn 

» &amPle 12; Dgjecjofl oj a Nucjgjc Add jjyprjd gffi] ImmunoooM 
BaSBBle 1& Dgtectign of Urinary Tract Infarti^ in a Urina Sampte 

ascertain the validity of the hybridization results 1 TOn tn0y were compared 

Example 2, „ added J^^^i^^ S^' l^tl E ^r' ,Cin ;; See 
minutes. The in^atea sample (0.1 mi) was added to 3 T^lsZf 5 % n^TmTlO* 
M sodium pyrophosphate and hybridization was conducted with probes (whole 2S» • J£ °f 

■LBIKOSTK- (Mite L««aate s rSw W^TulIT 

-smr st^s^, 1 ^^^ est «r r* ta • 
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TABLE 1 

DIAGNOSIS OF CLINICAL URINE SflMPTJ*? 

* B3SPITAL AEELKSanS' HYBRIDIZATION DETECTION 

DiaOPSIS RESULTS system 

NH* KEG QQLD 

NBS HEG GOLD 

NBG KEG GOLD 

E.c.^1 GHEMI 

™G E.C.-W GOLD 

NEG E.C.-VW GOLD 



S+> C— KEG 

S+r C- E.C.-S 

S+r C- E.c.-S, Kl.-M 

S+ r C— NEG 

S+, C- NB3 

S+, C- NBG 

5*"' C ~" E.c.-W 

S+f O- NBG 

S+ # C- E.c.-W 

S+i- C— MEG 

S*v C- NBG 



GOLD 

CHEMI 

GHEMI 

GOLD 

GQID 

GQU) 

GOLD 

GOLD 

GOLD 

GGO) 

GOLD 



100,000/itiL E.c. E.c-5 
100,000/itiL E.c. E.c.-S 
100,000/xtiL E.c. E.c.-W 
50,000/itiLE.c. E.c.-M 
50,000/mL E.c. NBG 

E * E.c.-S, K1.-M 

coU E.c.-VS, KL.-S 

E. coll E.c— S Kl.-S 
E. coli/Klebsiella mix E.c!-S^ Kl!-W COED 

E. coli/Staph mix E.c.-S, St.-M CHEMI 



GGQLD 

CHEMI 

GOLD 

CHEMI 

GOLD 

CHEMI 

CHEMI 

CHEMI 
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Table 1 cont'd 

APPLICANTS 1 HYBRIDIZATION 
RESULTS 



Klebsiella spp. 
100,000/iriL K. pneumoniae 
Enterobacter spp, 
100,000 Candida 
100,000/raL Proteus 



E.c.-M, KL-W 
E.c.-W, KL-VW 

NEG** 

NEG** 
Er.-S, E.c.-W 



DETECTION 
SYSTEM 

CHEMI 

GOLD 

GOLD 

GOLD 

GOLD 
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10,000/mL Strep ^ 
Mature of 3 unidentified Qn(+) NEG 



CHEMI 
GOLD 
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* diagnosis conducted by streaking urine on an agar plate 
and treating the plate under conditions so that the 
infectious organism can grow. 



46 



** Enterobacter/candida probes not included in the 
hybridization assay, therefore, negative results are not 
surprising; given the high stringency conditions employed 
in the assay, cross-hybridization with species related to 
Enterobacter was not detected. 

Abbreviations: VS«very strong, S=strong; M=medium; 
W=weak; and VW=very weak hybridization signals; 
GOLD=detection method according to Example 12; 

CHEMI-chemiluminescent detection according to' E xample 
3 (b) 

ones for which any hybridizatioTIn^ c^d^l^ ***** co,umn are the only 
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TABLE 2 



COMPARISO N OF AMES LEOKOSTIX ASSAY 
WITH APPLICANT'S ASSAY "~ 

"Sf 1 "" APPLICANTS 'HYBRIDIZATION DETECTION 
• RESULT ■ RESULT SYSTEM 



3+ 



VS 



r S 3+ S 



3+ 
3+ 



S 



GOLD 
CHEMI 
CHEMI 



3+ 2 CHE «I 

« CHEMI 



3+ 



3+ '■ I 

3+ 

VS 
VS 
VS 



3+ 
3+ 
3+ 



| GOLD 
Xr GOLD 

GOLD 
GOLD 
GOLD 



so 



as 



2+ 
2+ 
2+ 
2+ 
2+ 
2+ 
2+ 
2+ 
2+ 



S 
S 
S 
S 

s 
s 
s 
s 
s 



CHEMI 

CHEMI 

CHEMI 

CHEMI 

GOLD 

GOLD 

GOLD 

GOLD 

GOLD 



1+ 
1+ 
1+ 

TRACE/1+ 

TRACE 

TRACE 

TRACE 

TRACE 



S 
VS 
VW 

M 
VS 

W 

W 
VS 



GOLD 

GOLD 

GOLD 

CHEMI 

CHEMI 

GOLD 

GOLD 

GOLD 



NEG 
NEG 
NEG 
NEG 



S 
S 
M 
VW 
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CHEMI 
CHEMI 
CHEMI 
GOLD 
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Table 2 cont'd 

. sag™- ■'^ctxow 

NEG tnj 

NEG GOLD 

NEG HI GOLD 

*« NEG W GOLD 

NEG « GOLD 

NEG „ GOLD 

w GOLD 
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wi*^ch™D^ lab8,ed "*» ^P' 85 descri ** in Table 1 were hybridized 

is c^p^^^anL^^T 0 rea9ent ^ ^ development on the reagent ship 
» . deve,opS,to%^1^r^^^ «*» ^ -oes from negative ?Tco«<S 

Example 14: Lvsf? of Cells 

ateorbance at 600 ^ «3n2^ 1 Sft ^ W3S ^ di,uted to 1.0 mL and the 

required to maintain lyWeLiency. ^ concentratIon a <* NaOH will be 
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TABLE 3 

EFFICIENCy CF LYSIS OF GRAM POSITIVE BACTCTTfl 
AT VftRICPS CQ NCENIRKCICMS OF NaOH AT 68<»c15a"l00»C 

StreptOOQCCOS fiaar^jjg 

100 a C/5 Minutes 68'C/lo *rtn„«-»«, 
o.T °'^ 6 ?3 -0312 0T357— ^^f" 



2* 1 * 509 -261 50 513 r . 

0.2 .512 .194 62 fg " ? 54 

SI ill ' -is S ■ - 513 - 150 » 

V*^ * 506 * 113 78 .505 147 71 

1.2 . 498 . 082 84 SS ."Jg £ 

.099 77 



a 7 - 194 « .514 259 in 



1.6 .487 .061 88 '.S 70 



Staphrloco ccQs eplrtpmrfdis 
100°C/5 Minutes 68°c/in Mm*** 

UN 0.667 0.558 — 0 .690 0.560 W~ 

■M - 681 « 396 « .701 .441 37 



5- 2 - 674 -296 60 no if: -* 

°* 4 -699 .183 74 7™ 'f^ 4 41 

0-8 .70S .091 87 *7?S *?2? 58 

1.2 .680 .Q70 Jo 'Ill 74 

^ - 693 -035 .2 :«? 0 :SS ? 4 8 



J7 .715 .187 

JO .719 .090 

95 .660 .040 

b !j ,, ^ a !r ,thatthe specification and claims are set forth by way of Illustration aL nnt 

Claims 



1. A method for detecting one or more microorganisms or polynucleotide seouaneea fmm 
sources In a nucleic ad*containlng test sample comprising sequences (rem eukaryofc 

a) preparing a test sample comprising labeling the nucleic acids In the test sample. 

d) assaying for the hybridized nucleic adds by detecting the label 6 0 ^ 

mJX£SEZ2£ £1 % ' ^ ,ab6,ed — -* ^ fern, 

3. A method according to any of claims 1 and 2, wherein said eukaryofic sources are selected fmm tha 

or .t£ jSf to 1 t° 3. wherein the labeling Is conducted In a whole living eel, 

s" A meflinS o^^^ 1 ^ *° claim 4, wherein the cell lysate Is prepared by contacting a cell with alkali 
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W e reagent lor labeling (he nucleic acid of the test eumfflei^^ 
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A' Probe s' Probe 
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FIG. 2 
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